Abstract-The growing trend in the annual global temperature makes clear that only the reduction of carbon emissions can be the basis for a meaningful policy to counteract climate change. These considerations explain the importance of urban/architectural resilience and the need to reduce energy consumption to restrict global warming. Therefore the design of urban spaces acts as "thermodynamic mediation" between the constructed object, the human body, and space (environment), between meteorology and physiology (meteorological architecture). One of the key aspects of this approach is design based on meteorological conditions, weather, climate forcing, and thermodynamic demands to obtain architectural and urban shapes that are no longer conceived in a "structural" sense, but rather "climatologically oriented." Investigating the built environment through tomographic sections processed with CFD software (tomographic environmental section, TENS), it is possible to evaluate the effects of an extreme event on an indoor/outdoor space in order to design appropriate (adaptive) climate mitigation devices, focusing on historical centers where energy retrofitting is always a delicate matter. By "slicing" the environment and studying the initial and boundary conditions, building and environmental performance simulations for outdoor spaces are analyzed in order to test extreme events (heat waves) using climate data series.
I. INTRODUCTION
According to the most recent report by the NOAA (Global Analysis, October 2014) and the IPCC's Fifth Assessment Report (AR5) [1] , 2014 was expected to be one of the hottest years since 1880 when observations began. Global warming is a phenomenon that continues to affect Mediterranean areas, and the Marche Region (central Italy) in particular. According to data collected at local agrometeorological stations (ASSAM, Marche Region) [2] , an average temperature of 15.5°C was recorded from January to October 2014, which corresponds to an increase of 1.1°C over the average temperature from 1961 to 2000.
Climate change has led to a different design approach. It is based on adapting buildings to new environmental conditions, decreasing energy consumption, and improving the conditions of comfort, both in interior spaces and in adjacent urban areas. Reasoning about the design of open spaces therefore means studying new ways of relating a building to the surrounding area and proposing design based on the idea of public spaces as a filter and the functional, climatic, and acoustic continuation between "outside" and "inside" [3] . This is possible by studying the architectural and spatial relationships and measuring comfort conditions. The planning approach will inevitably be echoed in urban design, which is traditionally based on the dynamics of functional and dimensional relationships related to street traffic, pedestrian use, detachment of the building from the street, etc [4] . In regards to climate mitigation and energy savings, urban open spaces therefore act as thermodynamic filters and can contribute to improving environmental quality and outdoor comfort. Planning processes that investigate open space using new tools such as TENS (Tomographic ENvironmental Sections, F. Ottone et al.) [5] can be implemented for design on both the small and large scales. The importance of a design approach based on climate comfort and energy savings not only addresses the climate, but also invests and strongly influences the social behavior within the city. Urban quality is therefore a challenge to be confronted in a multi-disciplinary way, by introducing new methods without overlooking the contributions of studies based on the climatic comfort of urban areas [6] . The social role of open spaces is therefore a stimulus for analysis on different levels, identifying the opportunities that can be verified on the small scale, as well as on the larger scale, with different hypotheses:
• small-scale analysis made using the TENS method (urban tomography), described in detail here with applied examples using multiple thermo-fluid dynamic analysis in vertical sections;
• large-scale analysis with an analogous method based on comparing climate analysis made with horizontal sections at different heights and the TENS method based on large-scale urban sections.
II. RESEARCH OBJECTIVES
The goal of this study is to evaluate the practical applications of TENS and to generate an innovative framework for its use. In order to test and evaluate the proposed methodology, an interesting urban area in the historical center of Ascoli Piceno (central Italy) is adopted as a basic study area in the context of the Marche Region, Italy. The simulation was conducted in two different climate conditions in order to best study the problem of heat waves, both in terms of analytic methods and to test the design proposals of the project.
The traditional approach to urban design followed by urban planners, and more specifically by designers dealing with projects on the neighborhood scale or urban zoning, does not currently foresee the introduction of norms or regulations regarding the orientation, use of green areas, paving materials, or building colors, all of which are elements that commonly contribute to climatic heating and the formation of urban heat islands. But in addition to these, the densification or rarefaction of the urban fabric based on the climate conditions of the place, the presence of filtering elements such as porticoes, shelters, loggias, courtyards, and the mass shape and consistency of the roofs (green roofs) also contribute to modifying the climate conditions and urban comfort.
TENS was developed to identify and analyze the close
relationships between open urban spaces and buildings by using multiple vertical cross-sections and keeping in mind the microclimate conditions of the site, i.e. the specifics of the individual places in relation to the configuration of the urban settlement or landscape. Computational fluid dynamics (CFD) allows for thermographic analysis. In practice, by using horizontal and vertical cross-sections, it is possible to defme and study the relationships between occupied and empty spaces in the built environment regarding environmental and climate data, allowing 3D models to be produced using twodimensional images (Fig. 1) .
III. METHOD
The study was carried out using ENVI-MET software (a computational fluid dynamics tool) to make a comparative analysis between the pre-and post-intervention state of the area. The software uses an SV AT -type (soil, vegetation, atmosphere transfer) deterministic method of calculation for the small urban scale, and, through the use of thermo-fluid dynamics equations, allows the behavior of a three-dimensional climate model to be simulated. By the built-in SPACE module of the ENVI-met V 4, a 3D model is developed to evaluate the fluid dynamics effects on the studied urban area with a grid dimension of 250x250x30cell, 2x2x2 meters sized (dx-dy-dz).
The case study deals with the urban fabric on the edge of the historical centre of the city of Ascoli Piceno in the Marche Region in Italy. The area is a natural terrace, which, overlooked by multi-floor buildings on two sides, abuts the steep embankment of the Castellano River on the south. Despite the dense vegetation covering the north side of the river, the paved square is one of the hottest places in the city, both for its continuous exposure to sunlight and for the heat island that is generated in the area immediately behind, caused by the total lack of ventilation (Fig. 2) . Two summer cases were thus considered as boundary conditions, that is, the climate/environmental conditions of two specific days identified within the last decade. In the first case, the representative day (Tirabassi et al.) [7] regarding the temperature, identified as 9 June 20 I 0, was extracted from the historical period (determined from statistical analysis of climate data registered at the local meteorological station from 2008-2013). Indeed, five years of meteorological data were examined and evaluated using the representative day technique to obtain a representative summer meteorological scenario (Fig. 3) . The representative day is determined by actual data of the day in the period considered, where the sum of the meansquare differences between the monitored quantities averaged within each hour and the same quantities for all other days at the same hour, is minimized. Mathematically, this can be expressed as (I) where N is the number of days in the time period for which the representative day is calculated, and Cki is the meteorological data of the i th day at the kth. In the second case, the most unfavorable day was chosen, identified as 14 August 2003, the hottest day ever recorded in Ascoli Piceno (Fig. 4) . The two different days were simulated both for the current state and for the new design proposed. The project foresees the substitution of the current paving in the square with a green parterre covering at least 50% of the space, doubling the number of tall trees (Tilia platyphyllos) along the street, and a system of tensile shading structures made of IV. RESULTS AND DESIGN POTENTIAL Up to now, territorial policies have been centered on a building-oriented theory related to urban policies that did not appropriately consider the urban size or the value of open spaces within the overall balance of quality and the role of spaces as a filter between interior and exterior [8] . However, in reality these elements play a role in thermally mitigating the environmental conditions between the building and urban space [9] . In particular, the analysis shows that effective improvements to the design proposal can be made and, in the considered area, an average decrease in temperature with a ΔT = 1.4 °C can be achieved for the representative day (Fig. 5) , and a decrease with a ΔT = 1.2 °C can be achieved for the heat wave (hottest day) (Fig. 6) . To calculate the PMV, the effective use of the area was considered, that is, as an entrance to the city for visitors and tourists (the elevator rising from the covered parking below opens into the square) and as an exchange point for urban/interurban transport. As well, the average body parameters were considered, with static clothing insulation (clo 0.5) and low metabolic work. For the same reasons reference was made to the mid-day hours in relation to the maximum crowding and average daily temperatures, with trends increasing only up to mid afternoon. The solution analyzed demonstrates the predefined hypotheses regarding lightening the thermal load on the surrounding buildings where the mitigating effects reach about 60 m from the square. In decreasing the temperature, as measured between the pre-and post-work states, the predicted mean vote (PMV) also changes from a situation of hot discomfort (+3) to a climatically acceptable warm one (+1.6) during the heat wave (Fig. 7) . For the representative day, the same areas are of interest to the best neutral condition, with an average variation of about +2.3 for the current configuration to +0.3 for the project proposed (Fig. 8) . At the same time, use of the cross-sections highlights the positive role that vegetation plays in absorbing and mitigating heat, underlining the direct importance of screens in blocking direct solar radiation and indirectly in the low release of heat in the nearby shaded pavement. The appropriate choice of greenery and its placement in the area is also important; the tomographic cross-sections show effective use only if the tree shading provides continuous coverage. Therefore if tall broadleaf deciduous trees with abundant foliage are favored in urban contexts, they can be considered a completely environmental device, favored as well thanks to their natural seasonal adaptability. Rounding out the benefits of the design proposal in thermo-regulating the urban environment, light structures also contribute to outdoor living comfort. The screening, reflecting, and insulating properties of an adjustable shade system guarantee notable protection from solar rays and from pavement overheating in order to yield PMV values in line with summer trends even during heat waves, although with some small variations (Fig. 9) . The accuracy of such considerations and supporting data are the fruit of tomographic slicing, by using CFD tools in particular (for the environment specifically), and the capacity to analyze the same hypothetical cross-section with different boundary conditions. The spaces are no longer designed uniformly; rather, specific areas can be identified and designed in which the climate conditions allow activities to be differentiated, verifying the climatic behaviour through TENS analysis. In proposing different tomographic sections, in fact, it can be seen how the climate characteristics can vary a lot just a few metres away from the trees and shading elements. TENS analysis can effectively accompany the project where it is the precise intention of the designer to work on open spaces, thinking of the contribution they can offer in terms of urban comfort and at the same time offering spaces in which citizens can live effectively. The development of this forecasting capability in the design of open spaces can be applied widely, as a real design tool, overcoming the obstacles that still exist in defining and simplifying the proposed investigative tool.
In parallel, an awareness -building process seems to have begun for public administrations (due as well to European directives that regions should adopt) regarding climate change and the contribution that climatic improvement of the city can offer in mitigating its effects. Therefore, also for interpreting the theme of urban regeneration by reconfiguring open spaces, especially within the compact city, TENS represents a possible tool for use in city planning and climate regulation within.
VI. CONCLUSIONS
The TENS methodology is powerful in understanding the richness of the microclimate, even during severe episodes, and the formal characteristics of outdoor urban spaces. It can be employed in the early design stages to evaluate different generic strategies to incorporate comfort requirements in architectural projects. Despite the partiality of the results, the TENS investigative tool has initiated an innovative field of investigation based on the small-scale design of open spaces (but with effects on the wider urban scale), making the different dynamic elements that contribute to defining environmental comfort interact directly with the user, who is also considered as a dynamic, reactive element. This is therefore a very different method from the one applied to the climatic design of buildings, which generally occurs in a static way with regard to the building elements and material characteristics. In this application, the series of crosssections can establish differentiated levels of comfort to which it is possible to apply design corrections based on obtaining the best level of comfort appropriate for the specific functions (for example, as a bus stop, refreshment area, etc.), which are also considered to be non-static. It is also possible to orient the functions to echo the natural characteristics of the area and to define its character: permanent, seasonal, or temporary. The experimentation initiated with this case study provides the opportunity to understand how different hypotheses can be designed and their efficacy to be immediately verified. Additional verification in different applicative fields can further validate the method so it may be used in support of designers and those administering the city.
